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Synergistic effect of amlodipine and atorvastatin on blood pressure, left 
ventricular remodeling, and C-reactive protein in hypertensive patients with 
primary hypercholesterolemia

Abstract Our aim in this study was to investigate the 
changes of serum high-sensitive C-reactive protein (hs-
CRP) and uric acid (UA), and evaluate the synergistic effect 
of amlodipine and atorvastatin on blood pressure and 
left ventricular remodeling in hypertensive patients with 
primary hypercholesterolemia. One hundred and twenty-six 
hypertensive patients with hypercholesterolemia were ran-
domized into amlodipine group (10 mg/day, group A, n = 65) 
and amlodipine (10 mg/day) plus atorvastatin group (20 mg/
day, group B, n = 61), treated for 4 months continuously. 
Serum concentrations of total cholesterol, low-density lipo-
protein cholesterol, high-density lipoprotein cholesterol, 
triglycerides, hs-CRP, and UA were determined, and blood 
pressure of both groups was examined before and after 
treatment. Left ventricular posterior wall thickness and 
interventricular spectum thickness were measured by echo-
cardiography, and left ventricular mass index (LVMI) was 
calculated. After 4-months of treatment with atorvastatin, 
serum concentrations of total cholesterol, low-density lipo-
protein cholesterol, triglycerides, hs-CRP, and UA were sig-
nifi cantly decreased in group B (P < 0.05, P < 0.01), while 
serum concentrations of high-density lipoprotein choles-
terol was elevated (P < 0.05). Meanwhile, systolic blood 
pressure and diastolic blood pressure were reduced in both 
groups (P < 0.05), and blood pressure in group B was mark-
edly lower than that in group A after treatment (P < 0.05). 
Compared with that before treatment, LVMI in both groups 
decreased (P < 0.05), to a signifi cantly lower degree in group 
B than in group A (P < 0.05). Atorvastatin can decrease 

serum concentrations of hs-CRP and UA. The amlodipine–
atorvastatin combination markedly reduces blood pressure 
and reverses left ventricular hypertrophy more than amlo-
dipine monotherapy. The positive effect suggests that in 
hypertensive and hypercholesterolemic patients, the combi-
nation of amlodipine and atorvastatin could be the treat-
ment of choice.
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Introduction

Cardiovascular disease is a multifactorial disease, and it is 
important to treat an individual’s overall cardiovascular 
risk, rather than treating single risk factors in isolation. Con-
comitant hypertension and dyslipidaemia are very common 
and are associated with a high risk of cardiovascular disease. 
Hypertension and its complications are associated with vas-
cular endothelial dysfunction, in which infl ammation plays 
an important role. As one of the infl ammatory markers, 
elevated serum C-reactive protein (CRP) relates positively 
to the progress of hypertension.1 A recent study demon-
strated that elevated serum uric acid (UA) induced hyper-
tension, and facilitated left ventricular remodeling and bad 
prognosis in hypertensive patients.2

As is already known, 3-hydroxy-3-methylglutaryl 
co enzyme A (HMG-CoA) reductase inhibitors such as ator-
vastatin exert direct anti-infl ammatory, antioxidative, and 
vascular endothelial function-ameliorating pleiotropic 
effects, beyond lipid lowering, that could translate into a 
more signifi cant prevention of cardiovascular disease.3–5 
Members of the Rho GTPase family, Rac1 and RhoA post-
translationally isoprenylated, have been suggested to be 
mediators of cardiac hypertrophy.6,7 In addition to choles-
terol lowering, statins inhibit the isoprenylation of small G 
proteins,8 which shows that atorvastatin may probably play 
an active role in the development and progression of car-
diovascular remodeling of hypertensive patients.
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Patients and methods

Study subjects

One hundred and twenty-six consecutive hypertensive 
patients with primary hypercholesterolemia, whose serum 
concentrations of total cholesterol were more than 
5.17 mmol/l and total triglycerides were less than 1.70 mmol/
l, were randomized into amlodipine group (group A) and 
amlodipine plus atorvastatin group (group B). All subjects 
were enrolled according to the diagnostic criteria for hyper-
tension of WHO/ISH in 1999. There were 65 subjects in 
group A (male 27, female 38, aged 65 ± 12) and 61 subjects 
in group B (male 25, female 36, aged 64 ± 10). After dietary 
control for 4 weeks and lifestyle amelioration, all subjects 
were orally administered amlodipine 10 mg daily in A group, 
and amlodipine 10 mg plus atorvastatin 20 mg daily in group 
B, respectively, treated for 4 months continuously. In the 
meantime, no diuretics and uric acid-reducing medication 
were used, and secondary hypertension, diabetes, cerebro-
vascular diseases, hypothyroid diseases, pregnancy, liver and 
kidney diseases, acute or chronic infl ammation, alcohol 
abuse, and serum lipids-lowering therapy done before our 
study were exclusion criteria. Atorvastatin and amlodipine 
were from Pfi zer Pharmaceuticals (New York, NY, USA). 
The study protocol was approved by the ethics committee 
of our institution. All of the subjects enrolled in this study 
were Chinese, all of whom gave informed consent to par-
ticipate in this study.

Assessment of blood pressure

Blood pressure was measured three times not at the same 
time in the sitting position using a mercury sphygmoma-
nometer before and after 16-weeks of medication. The 
average of three readings was recorded.

Laboratory tests

Before and after the 16-week medication, all blood samples 
were taken in the morning after a 12-h fast, and fasting 
blood samples were analyzed for total cholesterol, low-
density lipoprotein (LDL) cholesterol, high-density lipo-
protein (HDL) cholesterol, triglycerides, and UA in a 
routine diagnostic analyzer using enzymatic colorimetric 
assays. High-sensitivity CRP (hs-CRP) was analyzed in a 
routine diagnostic analyzer using a scattering immunotur-
bidimetric immunoassay.

Measurement of left ventricular remodeling parameters

Imaging and Doppler echocardiography were performed in 
all of the participants in this study. Studies were performed 
with phased-array echocardiography with M-mode, 2D, 
pulsed, and color-fl ow Doppler capabilities. Left ventricular 
(LV) internal dimension and septal and posterior wall 
thickness were measured at end-diastole and end-systole 

according to the American Society of Echocardiography 
recommendations. End-diastolic dimensions were used to 
calculate LV mass by a previously reported formula. Left 
ventricular mass was considered an unadjusted variable, 
and was normalized by body surface area and expressed as 
left ventricular mass index (LVMI). All of the measure-
ments were performed by a trained investigator who was 
blinded to the clinical data of the subjects.

Statistical analysis

Parametric data are presented as mean ± standard devia-
tion; comparison between two groups was done by t-test and 
analysis of variance. All of the above were processed by the 
software SPSS 10.0 (SPSS, Chicago, IL, USA). P < 0.05 was 
considered statistically signifi cant.

Results

Comparison of clinical characteristics

There was no statistical difference between both groups as 
regards gender, age, serum lipids, smoking, drinking, and 
other lifestyles (P > 0.05).

Changes of blood pressure and LVMI

Blood pressure was equal in both groups before the treat-
ment began. After the 16-week treatment, systolic blood 
pressure and diastolic blood pressure was markedly 
decreased compared with that before treatment in both 
groups (P < 0.05). Compared with that before treatment, 
LVMI in both groups was signifi cantly reduced after the 
16-week treatment (P < 0.05), and LVMI was markedly 
lower in group B than that in group A (P < 0.05). See 
Table 1.

Changes of serum lipids profi le

After the 16-week treatment in B group, serum concentra-
tions of total cholesterol, LDL cholesterol, and triglycerides 
were signifi cantly lower (P < 0.05), while HDL cholesterol 
was markedly elevated (P < 0.05). However, there was 
no statistical difference between the parameters before 
and after the 16-week treatment in group A (P > 0.05). See 
Table 2.

Changes of serum hs-CRP and UA

After the 16-week treatment in group A, the serum concen-
tration of UA was a slightly higher, while there was no sta-
tistical difference in serum hs-CRP and UA between before 
and after the 16-week treatment (P > 0.05). In the mean-
time, the parameters were signifi cantly decreased in group 
B (P < 0.01). See Table 3.
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Discussion

In hypertension, left ventricular hypertrophy is initially a 
compensatory process against abnormal loading conditions, 
but it is also the fi rst step toward the development of overt 
clinical disease, such as cardiovascular disease. In essential 
hypertension, the risk of future cardiovascular disease com-
plications is higher in patients with left ventricular hyper-
trophy.9 Thus, in addition to reasonable blood pressure 
control, to ameliorate left ventricular remodeling is a crucial 
target.

Hypertension and its complications are associated with 
vascular endothelial dysfunction and other pathologic fea-
tures, of which infl ammation contributes to the pathogene-
sis. Activation of the immune system, with the resultant 
production of proinfl ammatory cytokines, likely participates 
in the development of cardiac cachexia, hemodynamic dete-
rioration, and vascular abnormalities in patients with left 
ventricular hypertrophy.10 As one of infl ammatory markers, 

elevated serum CRP relates positively to the progress of 
hypertension and its left ventricular hypertrophy.1

Our study demonstrated that beyond its cholesterol-
lowering effect, treatment with the amlodipine–atorvastatin 
combination produced a greater reduction in hs-CRP value, 
possibly due to the specifi c action of the statin added to that 
of the calcium channel blocker. Along with the pharmaco-
kinetic and pharmacodynamic interaction through which 
amlodipine increases the plasma concentrations of statin,11 
atorvastatin inhibited cholesterol biosynthesis of macro-
phage cells, and then reduced their activation and the pro-
duction of foam cells.12

A recent study showed that elevated UA participated in 
the pathological progress of hypertension, and related posi-
tively to left ventricular remodeling.2 The association 
between UA and LVMI might relate to an association of 
UA with other risk factors, especially including renal dys-
function, oxidative stress, severity of hypertension, and 
obesity. Renal dysfunction increases serum UA and acti-
vates the renin–angiotensin system, and angiotensin II is 
essential for the development of hypertension and left ven-
tricular hypertrophy.13,14 Uric acid is the fi nal breakdown 
product of dietary or endogenous purines and is generated 
by xanthine oxidase. Uric acid may refl ect the generation of 
superoxide and resultant oxidative stress via the xanthine 
oxidase system.15 Furthermore, the independent association 
between UA and the severity of hypertension is well 
accepted. On the other hand, there is a possibility that UA 
itself may induce left ventricular hypertrophy. Previous 
reports have shown that UA impaired nitrogen monoxide 
generation, and induced vascular endothelial dysfunction 
and vascular smooth muscle cell proliferation.16,17 Our study 
demonstrated that atorvastatin signifi cantly reduced serum 

Table 1. Comparison of blood pressure and left ventricular mass index before and after 
treatment

Group Treatment n SBP (mmHg) DBP (mmHg) LVMI (g/m2)

A Before 65 162.84 ± 13.43 105.22 ± 8.63 115.83 ± 36.77
After 65 136.66 ± 11.22* 90.99 ± 7.32* 110.63 ± 37.61*
D-value 26.18 ± 12.06 14.32 ± 7.84 5.20 ± 1.72

B Before 61 164.33 ± 14.83 106.35 ± 9.15 121.65 ± 35.19
After 61 123.21 ± 12.37* 82.47 ± 7.81* 103.24 ± 31.92*
D-value 41.12 ± 13.92# 23.88 ± 8.94# 18.41 ± 3.32#

Values are mean ± standard deviation. D-value indicates difference value. SBP, systolic blood 
pressure; DBP, diastolic blood pressure
* P < 0.05, compared with those before treatment; # P < 0.05, compared with group A

Table 2. Changes of serum lipids profi le before and after treatment

Group Treatment n TC (mmol/l) TG (mmol/l) LDL-C (mmol/l) HDL-C (mmol/l)

A Before 65 5.56 ± 1.46 1.59 ± 1.43 3.22 ± 1.38 1.09 ± 0.55
After 65 5.48 ± 1.86 1.61 ± 1.46 3.24 ± 1.23 1.07 ± 0.62
D-value 0.08 ± 1.72 0.02 ± 1.45 0.02 ± 1.31 0.02 ± 0.61

B Before 61 5.58 ± 1.57 1.60 ± 1.32 3.35 ± 1.39 1.12 ± 0.42
After 61 3.35 ± 0.86* 1.38 ± 0.89* 2.13 ± 0.78* 1.36 ± 0.39*
D-value 2.23 ± 0.99# 0.22 ± 1.26# 1.22 ± 1.03# 0.24 ± 0.40#

Values are mean ± standard deviation. TC, total cholesterol; TG, triglycerides; LDL-C, low-density 
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol
* P < 0.05, compared with those before treatment; # P < 0.05, compared with group A

Table 3. Levels of high-sensitivity C-reactive protein (hs-CRP) and 
uric acid (UA) before and after treatment

Group Treatment n hs-CRP (mg/l) UA (µmol/l)

A Before 65 3.48 ± 0.95 310.16 ± 15.33
After 65 3.41 ± 0.74 320.08 ± 18.76
D-value 0.07 ± 0.90 9.92 ± 16.95

B Before 61 3.51 ± 0.84 319.43 ± 17.48
After 61 2.64 ± 0.81* 262.66 ± 19.83*
D-value 0.87 ± 0.82# 56.77 ± 18.52#

Values are mean ± standard deviation
* P < 0.05, compared with those before treatment; # P < 0.01, compared 
with group A
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UA, likely involved ameliorating renal vascular endothelial 
function, and inhibited the activation of neuroendocrine 
and other mechanisms.

Interestingly, out study also demonstrated that treatment 
with the amlodipine–atorvastatin combination signifi cantly 
reduced blood pressure and reversed left ventricular hyper-
trophy more than amlodipine monotherapy, indicative of 
the specifi c synergistic vascular effects. Firstly, endothelial 
dysfunction relates closely to hypertension and left ven-
tricular hypertrophy; one of the most relevant mechanisms 
of endothelial dysfunction is oxidative stress production, 
which causes nitric oxide breakdown.18 Coadministered 
amlodipine and atorvastatin in vitro have been shown to 
stimulate nitric oxide release from human endothelial cells 
in a synergistic and potent fashion.19 In untreated hyper-
tensive patients, atorvastatin can reduce blood pressure 
independently of its cholesterol-lowering effect.20 Statins 
have been demonstrated to improve endothelium-
dependent vascular function and cause a signifi cant vasodi-
lation, leading to a signifi cant increase in the sensitivity of 
the vessel wall to the vasodilating action of amlodipine. This 
property of coadministered amlodipine and atorvastatin 
may have additional benefi cial effects on endothelial dys-
function, resulting in reduced progression of cardiovascular 
disease. Secondly, the changes of arterial structure and func-
tion contribute to left ventricular hypertrophy; statins can 
reduce arterial stiffness and improve arterial compliance.21,22 
Our previous study has demonstrated that atorvastatin 
reversed aortic remodeling,23 indicating that it likely ele-
vated blood vessel compliance and ameliorated left ven-
tricular remodeling. Thirdly, atorvastatin decreased the level 
of serum hs-CRP and UA, and the amlodipine–atorvastatin 
combination also decreased other infl ammatory markers,24 
impaired infl ammation and ameliorated vascular endo-
thelial function,25 then reduced blood pressure and left 
ventricular hypertrophy. In the meantime, statins such as 
atorvastatin inhibited cell proliferation and hypertrophy by 
downregulating the density of angiotensin I receptors and 
inhibiting the activation of neuroendocrine,26,27 then reversed 
the progress of left ventricular hypertrophy.

The limitations of this study include the fact that the 
observation time is short and that the effects of atorvastatin 
on long-term prognosis are not clear. Because some data 
were obtained in subjects with treated essential hyperten-
sion only with a 7-day medication-free period before our 
study, these results could underestimate the involvement of 
blood pressure itself and other clinical factors in the devel-
opment of left ventricular hypertrophy and their effects on 
the levels of serum parameters.

To summarize

In coordination with amlodipine, atorvastatin inhibited 
infl ammation, ameliorated blood vessel endothelial func-
tion, reduced arterial systolic blood pressure, and inhibited 
cardiac hypertrophy in left ventricle, and then affected the 
progress of left ventricular remodeling in hypertension. The 

positive effect exerted by the amlodipine–atorvastatin com-
bination on blood pressure and left ventricular remodeling, 
beyond its cholesterol-lowering effect, suggests that this 
combination could be the treatment of choice in hyperten-
sive patients with primary hypercholesterolemia. Larger 
randomized clinical trials are required to confi rm the effects 
of coadministered amlodipine and atorvastatin on long-
term prognosis.
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